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a b s t r a c t


Field studies were conducted in eastern Virginia from 2005 to 2008 to predict spring infestation levels
of white grubs (Coleoptera: Scarabaeidae) in the soil and the subsequent benefit of seed treatment
insecticides on corn, Zea mays L., in those fields. The predominant annual white grubs found in this study
were Popillia japonica Newman, Maladera castanea (Arrow), and Cyclocephala spp. Forty-eight fields
(i.e. blocks)were sampled in fall and again in spring in several counties over three years. Sampling involved
removing a standard volume of soil frommultiple locations in each field and visually inspecting it forwhite
grubs and other soil insect pests. In the first year, a 20.3 � 20.3 cm square � 15 cm deep soil sample
(compact method) was evaluated for its potential to correlate to a larger 30 � 30 cm square � 15 cm deep
soil sample (standard method). No significant differences in white grub numbers were detected between
the two sampling methods after correcting for differences in sampling volume using a 2.25 weighting
factor. Strong correlations (r values >0.88) were observed between fall and spring sample densities of
white grubs in each of the three years, indicating that fall sampling could be used to reliably predict spring
infestations. Taylor’s power law revealed among fall sampled fields that at least six and as many as 15
compact samples per field (95% confidence) were needed to be within 25 and 15% of the actual mean,
respectively. Using the compact method, the action threshold was estimated to be �1.6 white grubs per
soil sample in the fall and �1.04 white grubs per soil sample in the spring. In fields with above-threshold
white grub densities, there was a significant effect of clothianidin seed treatment on stand in two of the
three years, and a significant grain yield difference in 2006.


� 2012 Elsevier Ltd. All rights reserved.

1. Introduction


Secondary soil insects are considered sporadic pests of corn (Zea
mays L.) seeds and seedlings that may cause significant reductions
in plant stand and yield (Youngman et al., 1993). The leading
secondary soil pests of corn in Virginia include annual white grubs
(Coleoptera: Scarabaeidae) and wireworms (Coleoptera: Elater-
idae). The former are of much greater pest significance in fields
under a standard corn and soybean crop rotation (Luckmann and
Metcalf, 1982; R.R.Y., unpublished data). Annual white grubs have
a one year life cycle in contrast to true white grubs that complete
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their life cycle in 2e3 years (McLeod et al., 1999). True white grubs
predominantly of the genera Phyllophaga are found in Virginia
(Briggs,1980), but historically cause less damage in theMid-Atlantic
region (Youngman and Tiwari, 2004) than in the Midwestern U.S.
(McLeod et al., 1999). The predominant annual white grubs found in
Virginia include Japanese beetle, Popillia japonica Newman; Asiatic
garden beetle, Maladera castanea (Arrow); northern and southern
masked chafers, Cyclocephala spp.; and the green June beetle,
Cotinus nitida (L.) (Briggs, 1980; Youngman et al., 1993).


Annual white grubs are early-season pests attacking corn
seeds and seedlings immediately following planting (Briggs, 1980;
Youngman et al., 1993; McLeod et al., 1999). Stand and yield losses
can occur under heavy white grub infestations (Youngman and
Tiwari, 2004). Because grubs occur in the soil, their presence in
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Table 1
Summary of planting and harvest information pertinent to this study.


Year County Planting
date


No. fields
planted


Harvest date No. fields
harvested


1 Essex 10e11 April 11 23e24 Aug. 9
Westmoreland 11 April 2 23 Aug. 1
Caroline 10 April 1 24 Aug. 1


2 Essex 4 April 14 3 Sept. 4
Accomack 11 April 4 Late Aug./Sept. 4


3 Essex 9e11 April 12 28e29 Aug. 5
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fields and subsequent damage to corn may go unnoticed until it
is too late to implement pest management practices. A sampling
procedure that effectively predicts infestations of grubs is neces-
sary for timely pre-plant pest management strategies, but all
current sampling methods for white grubs involve some form of
baiting or soil sampling performed in the spring (Fleming and
Baker, 1936; Yates and Finney, 1942; Youngman et al., 1993;
McLeod et al., 1999; Youngman and Tiwari, 2004). Insecticidal seed
treatments such as clothianidin (Poncho 600�, Bayer CropScience)
and thiamethoxam (Cruiser 5FS�, Syngenta Crop Protection) have
become the tools of choice for controlling soil insect pests. Growers
must decide whether to purchase insecticide-treated seed well in
advance of spring planting. The main objective of this study was
to evaluate the accuracy of a fall soil sampling method to predict
spring infestations of white grubs, and concomitant damage to field
corn. In addition, the efficacy and relative benefit of clothianidin
seed treatments was assessed in these same corn fields. A reliable
fall sampling strategy for white grubs along with better knowledge
of the efficacy of seed treatments would be of great benefit to
corn producers by providing timely and useful information for pest
management decision-making.


2. Methods & materials


A three year, replicated field study was started in fall 2005 and
continued to spring 2008, with the objective of predicting spring
infestation levels of white grubs in cornfields.


2.1. Soil sampling


In the first year of study, a total of 15 post-harvest soybean
fields in Essex (n ¼ 11), Westmoreland (n ¼ 2), Caroline (n ¼ 1), and
Accomack Counties (n ¼ 1), VA, were sampled in late October and
early November 2005 and again in late March 2006, 2e3 wk before
corn planting. This study compared a 20.3� 20.3 cm square� 15 cm
deep soil sample (compact method) with a 30 � 30 cm squar-
e � 15 cm deep soil sample (standard method) to evaluate the
potential of the compactmethod to correlate to the standardmethod
after applying a 2.25weighting factor (the standardmethod samples
2.25� more volume of soil than the compact method).


In each field, which served as blocks, 15 randomized pairs of the
standard and compact methodwere sampled. The sample rows and
samples within rows were 9.14 m apart. A square metal grid of the
proper size was used to mark the perimeter of the sample area, and
the soil was excavated to a depth of 15 cm. The soil was carefully
sorted on a black plastic tarp to identify and collect soil insects.
The soil fauna in each sample were recorded and collected in 70%
ethyl alcohol.White grub andwireworm specimenswere identified
to genus and species (if possible) using keys of common raster
patterns of grubs and caudal features of wireworms (Vittum et al.,
2001; Briggs, 1980).


Although sampling procedureswere similar across the three years,
because no significant difference was detected between the standard
and compact sampling method in the first year of study, only
the compactmethodwas used for soil samples in the second and third
years of study. In fall 2006, 20 post-harvest soybean fields in Essex
County, and four fields on the Eastern Shore, in Accomack County, VA,
were sampled from 3 to 10 November. On 27 and 28 March 2007,
only 21 fieldswere sampled after three fieldswere lost towheat sown
fields. Sampling was performed 1 wk before spring planting. In the
third year of study,12 post-harvest soybeanfields in Essex County, VA,
were sampled from 20 to 30 October 2007 and again from 12 to 13
March 2008. Spring sampling occurred 4 wk before planting.


Soil temperature was recorded in all fields from spring 2006
through the end of the study using a 10 cm analog temperature

probe, and soil textures were determined from county soil maps
(USDA, 2007). The predominant soil textures of the fields were
sandy loam and loamy sand.


2.2. Insecticide seed treatments


In the fields evaluated with soil sampling, replicated field plots
were planted, evaluated for stand loss, and harvested using the
same corn seed treatments and methods in all years of study
(Table 1). Plots were planted no-till with Trisler 5244-RR event
MON863 þ GA21 corn seed (Augusta Seeds Corporation; Staunton,
VA), which has no insecticidal activity against white grubs. An
ALMACO 2-row mounted test plot planter with heavy duty
conservation tillage attachment for John Deere Max-Emerge I row
unit (John Deere; Moline, IL) was used to plant all plots at a rate of
64,493 seeds per hectare. In each field, randomized test strips
with three seed treatments (untreated control; 0.25 mg clothiani-
din/kernel) (Poncho 250�, Bayer CropScience); and 1.25 mg clo-
thianidin/kernel (Poncho 1250�, Bayer CropScience) were planted.
Insecticide-treated plotswere two rowswide (76.2 cm row spacing)
by 61 m long, while the untreated control was four rows wide by
61 m long. Two border rows were planted around the perimeter of
the plot.


Approximately 30 d after planting, stand counts were taken
by counting the number of plants in the center two rows per 30.5
row-m of each plot. Plants that were unthrifty or dying were
counted and subtracted from the treatment stand count total.
Unthrifty plants were assessed on visual size and health.


At harvest, halfway in the plot all main ears were removed from
15.2 row-m in the middle two rows (total of 30.5 row-m for each
treatment). Ears were shelled using a tractor driven sheller, after
which total grain weights and percent moisture were recorded for
each treatment. Grain yield weights were converted to 15.5%
moisture. Fewer fields were harvested than were planted due to
a lack of treated seed and other in-season complications in the first
year, severe drought conditions in the second year, and extensive
flooding in study fields in the third year.


2.3. Statistical analysis


Season, field, and sample method served as fixed effects in
the analysis of variance (ANOVA) of sampling method data
(SAS Institute, 2001). In addition, the compact method was evalu-
ated for its potential to correlate to the standard method after
correcting for a 2.25 weighting factor. Pest density differences
between the two sampling methods were evaluated using paired t
tests performed on square root (x þ 0.5)1/2 transformed standard
and weighted compact method data. Correlations were performed
on square root transformed spring and fall field pest densities.


Stand and harvest data were analyzed using ANOVA with linear
contrasts. Further, harvest data were analyzed using ANOVA with
linear contrasts in fields where all treatments were recovered and
similarly only in fields where white grub densities exceeded the
spring estimated action threshold (AT: i.e., levels of pest populations
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atwhich control should be implemented to avoid significant damage
to the crop (Fasulo, 1995)) of 0.9 white grubs per compact method
(Youngman and Tiwari, 2004). Linear regression was used to
describe the response of yield to pest density in the fall and spring.
Proportion yield loss data were transformed (arcsin y1/2) and pest
count datawere transformed (x1/2, log x, ln x, and 1/x) to explore the
relationship between pest densities and yield loss. Differences were
considered significant at a P � 0.05 unless indicated otherwise.


In each year, the optimal number of samples was determined
using parameters of Taylor’s power law (Taylor, 1961) and the
following expression (Kuhar and Youngman, 1998):


N ¼ ð100=cÞ2t2 a mb�2


where N is sample size, c is the accuracy level (25%), t is the value of
the t distribution at a ¼ 0.05, m is the average number of white
grubs per field across fall and spring sampling periods, and a and
b are variables obtained from linear regression of log variance over
log mean of mean white grubs within fields.

3. Results


3.1. Soil sampling


Air temperature means fluctuated rapidly in the spring and
fall with warm and cold periods contributing to a range of soil
temperatures during sampling. Over the three years of study, soil
temperatures at fall and spring sampling ranged from 6.7 to 19.4 �C
in Essex County and from 13.9 to 16.7 �C in Accomack County. In the
first year, spring soil temperatures ranged from 10.0 to 12.2 �C in
Westmoreland County, and the temperature at time of sampling
was 7.8 �C in Caroline County. Loamy soil textures were found in all
fields, though the highest white grub densities were found in fields
with fine sandy loam in the upper soil profile (ca. 0e30 cm).


The most abundant soil fauna collected were white grubs
followed by wireworms (Table 2). More than 98% of wireworms
collected were species of the genus Conoderus. In the three years of
study, meanwireworms per compact method ranged from 0 to 2.6.
Given the age variability of wireworms and the relatively low
numbers collected, wireworm sampling data were not considered
a factor in analysis. The most common other soil arthropods found
in or near the surface layer of soil were ground beetle adults and
larvae (Coleoptera: Carabidae), Tipula larvae (Diptera: Tipulidae),
millipedes (Diplopoda), and centipedes (Chilopoda).


Of the grubs recovered in the three years of sampling across
all fields (n ¼ 48), more than 98% were annual white grubs rather
than true white grubs. Therefore, provided the scarcity of true
white grubs during all years, grub densities were expressed as
mean annual white grubs per compact method with reference to

Table 2
White grubs (Scarabaeidae) andwireworms (Elateridae) collected in soil samples in the fal
(n ¼ 4) being planted into corn.


Order Family Scientific name Common n


Coleoptera: Scarabaeidae Popillia japonica Newman Japanese b
Maladera castanea (Arrow) Asiatic gar
Cyclocephala borealis Arrow or Northern m
C. immaculata Arrow Southern m
Phyllophaga spp. May/June
Cotinus nitida (Linnaeus) Green June
Ataenius spretulus (Haldeman) Black turfg


Elateridae Conoderus spp.
Melanotus spp.
Limonius spp.

a spring estimated AT of 0.9 annual white grubs per compact
method, unless otherwise specified. In year one, 82% of the grubs
were P. japonica and the rest were predominantly of the genera
Maladera and Cyclocephala. In the second and third years of
sampling, samples contained more than 70 and 90% M. castanea
and about 25 and 4% P. japonica, respectively.


The percentage of fields exceeding the estimated AT of 0.9
annual white grubs per compact method ranged from 67 to 85% in
fall sampling and from 50 to 65% in spring sampling. White grub
densities decreased an average of 34% across all sampling periods
from fall to spring. This is consistent with the overwintering
mortality rates of Phyllophaga spp. in the Midwest (NDSU, 2007).
Likewise, the number of fields above threshold in the fall decreased
33, 21, and 25% in the spring across the three years of study,
respectively (Table 3).


3.2. Standard and compact sampling methods


In the first year of sampling, both season and field effects
had highly significant sources of variation on white grub density
(F ¼ 54.26, df ¼ 1, 42, P < 0.0001; F ¼ 29.05, df ¼ 1, 42, P < 0.0001),
though sample method and the interaction between method and
season were not significant (F ¼ 0.22, df ¼ 1, 42, P ¼ 0.65; F ¼ 0.19,
df ¼ 1, 42, P ¼ 0.67). In addition, no significant differences in
white grub densities were detected between the two soil sample
methods in either the fall or spring results after correcting (2.25�)
for differences in sampling volume (paired t test: fall, t ¼ e 1.59,
df¼ 224, P> 0.05; spring, t¼e 0.02, df¼ 224, P> 0.05). Because no
difference was found between the two sample methods, only the
compactmethodwas used in the second and third years of sampling.
Strong correlations were observed between fall and spring densities
in all sampling sequences (year 1: F ¼ 57.92, r ¼ 0.91, df ¼ 1, 13,
P< 0.0001; year 2: F¼ 61.79, r¼ 0.88, df¼ 1, 19, P< 0.0001; year 3:
F ¼ 73.03, r ¼ 0.94, df ¼ 1, 10, P < 0.0001). Overall, a strong
correlationwas observed between fall and spring pest densities over
all years (F ¼ 197.3, r ¼ 0.91, df ¼ 1, 43, P < 0.0001) (Fig. 1).
Transformation of pest density did not improve correlations over
raw data. Therefore, raw data are presented in text and figures.


3.3. Insecticide seed treatments


Corn plant standwas evaluatedz30 d after planting for fields in
the first (n ¼ 14), second (n ¼ 18), and third (n ¼ 12) years of this
study. In the three years of this study, 57% (n¼ 8), 56% (n¼ 10), and
50% (n ¼ 6) of planted fields exceeded the spring estimated AT.
Treatment was a significant source of variation in stand in the first
and second years (year 1: F ¼ 5.15, df ¼ 2, 24; P ¼ 0.014; year 2:
F ¼ 13.17; df ¼ 2, 34; P < 0.0001), though not in the third year
(F ¼ 0.09, df ¼ 2, 20; P ¼ 0.92). In the first and second years, stand

l (F) and spring (S) for three years of study in post-harvest soybean (n¼ 44) and fields


ame Year 1 Year 2 Year 3


F S F S F S


eetle 920 518 77 70 6 11
den beetle 105 30 254 165 290 186
asked chafer or
asked chafer 82 39 12 6 14 15


beetle 10 3 0 0 1 0
beetle 8 0 1 2 0 0
rass ataenius 0 1 0 0 0 0


57 53 46 22 5 8
1 1 0 0 2 3
1 0 0 0 0 0







Table 3
Percentage of planted fields exceeding compact method action threshold.


Year 1 Year 2 Year 3


No. fields 14 18 12


Sampling time Fall Spring Fall Spring Fall Spring


’05 ’06 ’06 ’07 ’07 ’08


Mean (�SE) white grubs per compact method 1.77 (�0.29) 1.16 (�0.24) 1.72 (�0.38) 1.22 (�0.29) 2.7 (�0.73) 1.62 (�0.50)
Range of mean white grubs per compact method 0.2e4.2 0.2e3.3 0.1e5.9 0.2e4.7 0.1e7.5 0e5.6
Percentage fields exceeding estimated action thresholda 85% 57% 82% 65% 67% 50%


a Spring estimated action threshold ¼ 0.9 annual white grubs per compact method.
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was significantly higher in clothianidin 1.25 mg/seed plots versus
clothianidin 0.25 mg/seed plots and the untreated control plots
(year 1: F ¼ 8.44; df ¼ 1, 24; P < 0.01; linear contrast; year 2:
F ¼ 26.25; df ¼ 1, 34; P < 0.0001; linear contrast) (Fig. 2).


Corn grain yield data were collected and evaluated for fields
in the first (n ¼ 11), second (n ¼ 8), and third (n ¼ 5) years of this
study. In the three years of this study, 73% (n ¼ 8), 50% (n ¼ 4), and
60% (n ¼ 3) of harvested fields exceeded the spring estimated AT
with white grub densities that ranged from 1.0 to 5.6 grubs per
compact method. Fields below the spring threshold in the first
(n ¼ 3), second (n ¼ 4), and third (n ¼ 2) years of study had white
grub densities that ranged from 0.1 to 0.8 grubs per compact
method, respectively.


In the first year of the study, there was no significant treatment
effect for grain yield when all fields were included in the analysis
(F ¼ 0.966; df ¼ 2, 20; P ¼ 0.39). When the three below-threshold
fields were removed from the analysis, the treatment effect for
grain yield was in the hypothesized pattern of results and was
considered significant at P< 0.1 (F¼ 3.11; df¼ 2,14; P¼ 0.076). High
rate (1.25 mg/seed) clothianidin treatments yielded significantly
higher than the control and low rate (0.25 mg/seed) clothianidin
treatments (F¼ 6.18; df¼ 1,14; P¼ 0.026; linear contrast) (Fig. 3). In
contrast, in the second year of study, no significant treatment effect
was observedwhen all fieldswere included in the analysis (F¼ 1.93;
df¼ 2, 14; P¼ 0.18), nor when the four below-threshold fields were
removed from analysis (F ¼ 2.69; df ¼ 2, 6; P ¼ 0.14). In the third
year of study, no significant treatment effect was observed when all
fields were included in the analysis (F ¼ 0.16; df ¼ 2, 8; P ¼ 0.86),
nor when the two below-threshold fields were removed from the
analysis (F ¼ 0.5; df ¼ 2, 4; P ¼ 0.63). Of the nine fields below
threshold across all years of this study, mean grain yields were not
significantly different between the control or insecticide-treated
plots (year 1: F ¼ 0.42; df ¼ 2, 4; P ¼ 0.7; year 2, F ¼ 1.08; df ¼ 2,
6; P ¼ 0.4; year 3: F ¼ 0.24; df ¼ 2, 2; P ¼ 0.8).

Fig. 1. Scatter plot and linear regression curve (number of white grubs per weighted
compact method) showing the relationship between fall white grub density and spring
density over the three years of data.

3.4. Action threshold and sampling protocol


After observing a significant treatment effect onyield for the first
year of study, the regression of spring pest density on yield benefit
in high rate clothianidin and low rate clothianidin treated plots
relative to the control resulted in significant and non-significant
linear relationships. No clear relationship was observed between
fall pest density and yield benefit from treatment. The coefficient of
determination (R2) was maximized between spring pest density
(xþ 0.5)1/2 and yield benefit (arcsin y1/2, where y¼ 0.5þ proportion
yield benefit compared to control/2) of high rate clothianidin
treated plots relative to the untreated control, which produced the
following regressionmodel: y¼�0.076þ 0.043x (r¼ 0.42; F¼ 6.48;
df¼ 1, 9; P< 0.05). Thus, it was determined that the AT for yield loss
would occur in untreated plots if spring pest density was �1.04
(�0.06) white grubs per compact method. A spring pest density of

Fig. 2. Mean (�SE) corn plant stand (plants per 30.5 row-m) in fields planted in 2006
(n ¼ 14) and 2007 (n ¼ 18). *Column with asterisk is significantly different from
columns without asterisk, by year (linear contrast; P � 0.05).







Fig. 3. Mean (�SE) corn grain yield (quintals/ha at 15% moisture) in fields harvested in
2006 (n ¼ 8) that had spring pest densities above 0.9 white grubs per compact method.
*Column with asterisk is significantly different from columns without asterisk (linear
contrast; P < 0.1).
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1.04 grubs corresponds to a fall action threshold of �1.6 (�0.17)
grubs per compact method.


In the three years of study, the linear regression of log variance on
logmean soil densities of annualwhite grubs produced the following
models: year 1: y ¼ 0.125 þ 1.12x (r ¼ 0.88; F ¼ 200.58; df ¼ 1, 28;
P< 0.0001); year 2: y¼ 0.128þ 1.07x (r¼ 0.86; F¼ 203.32; df¼ 1, 32;
P< 0.0001); year 3: y¼ 0.222þ1.26x (r¼ 0.97; F¼ 708.96; df¼ 1, 20;
P < 0.0001). According to these models and Taylor’s power law
(Taylor, 1961), in the fall up to six samples per field were needed for
95% certainty that the mean sample densities of white grubs are
within 25% of the true value. To bewithin 20%,15%, and 10% accuracy
of the true value, up to 9, 15, and 34 samples per field were needed,
respectively.


4. Discussion


Knowledge of historical pest activity in a field combined with
some form of sampling is the basis for a comprehensive pest
management plan for soil insect pests (Fleming, 1972; Luckmann
and Metcalf, 1982; McLeod et al., 1999). Although moderate to
high secondary soil pest densities will not always result in yield loss,
a pest density above some specified threshold is usually the best
indicator for control measures. Our results indicated no difference
between a standard 30 � 30 cm square � 15 cm deep sample
method and a more compact 20.3 � 20.3 cm square � 15 cm deep
method, which strongly suggests that sampling for white grubs can
be more efficient and less time consuming using smaller soil
samples, and without significant loss of predictability. The results of
our study also suggest that fall annual white grub densities are
highly correlated to subsequent spring densities (r values >0.88 in
each of three years). Furthermore, the results show a relationship
between grub density and potential stand and yield loss in corn.
However, the extent of feeding damage caused by P. japonica in
contrast toM. castanea is unclear, especially in the second and third
years of study when high M. castanea densities were observed, yet
the highest yield loss occurred in the first year, 2006.


Annual white grubs were the predominant soil insect pest
sampled in our study. Japanese beetle, P. japonica, dominated the
first season and Asiatic garden beetle, M. castanea, dominated the
remaining two seasons. The variable white grub composition of soil
samples may have been a result of actively recurring populations,

crop rotation practices, and environmental conditions including
soil moisture, temperature, and texture. Peak P. japonica flight and
egg-laying typically occurs in mid July and may extend into
September in Virginia. High rainfall in July 2005 may have
contributed to optimum soil conditions for P. japonica oviposition.
In contrast, the below average rainfall in the egg-laying months of
July through September over the second and third years of our study
may have contributed to lower P. japonica soil populations.


Despite no clear benefit of seed treatment in below-threshold
treated plots, extraneous factors like water stress in the second
year of our study may reveal treatment benefits that would not
otherwise be realized in years of adequate moisture. However, in
the year following, waterwas not a stress factor and the relationship
between high M. castanea densities and subsequent stand loss
was not discernable. In the first year of study, above-threshold
P. japonica infestations resulted in yield loss in untreated corn in
contrast to fields in the second and third years that were predom-
inantly populated by M. castanea. Further, plant stand and yield
response to seed treatments may have been affected by other corn
pests such as seed cornmaggot and billbug, which are controlled by
low and high rate clothianidin, respectively.


Evidence of stand loss in untreated corn demonstrates that both
P. japonica and M. castanea can affect corn plant stand. In a study
evaluating the effect of varying densities of C. immaculata on potted
corn plants reared in a greenhouse, Rice (1994) found that a density
of ninewhite grubs per cornplant reduced leaf area, rootweight, and
plantweightwhen compared to lower grub densities. Little is known
about the degree of feeding damage in corn between the two species
in this study; however, the relative abundance of these species in soil
samples prior to planting suggests that grub populations exceed
levels warranted for control. More research is needed in this area to
confirm differences of the extent and degree of feeding among these
species and other corn infesting white grubs.


The compact method was accurate at predicting yield loss in
fields above the fall AT and the spring AT. For fields above the spring
AT (�1.04 grubs per sample), 50% of fall sampled and 58% of
spring sampled fields benefited from the high rate (1.25 mg/seed)
clothianidin seed treatment applied to corn. Overall, a 6% yield
benefit was observed with the clothianidin high rate seed treat-
ment. The significant yield advantage of the high rate clothianidin
treated seed in comparison to the low rate is especially noteworthy
given that white grub control is claimed on the low rate label and
because of the much higher cost of the higher rate of clothianidin-
treated seed (Poncho 1250�) relative to the lower rate (Poncho
250�). At the time of this study, the cost of the lower rate
clothianidin treatment was $6 per acre in contrast to $16 per acre
for the higher rate.


Consideration should be made with respect to the timing and
extent of sampling. When air and soil temperatures decrease in
fall, P. japonica grubs migrate down 5e10 cm in the soil column and
later migrate to the surface when temperatures increase to more
than 10 �C in spring (Potter and Held, 2002). Given little fluctuation
of mean daily ambient air temperature and some amount of lag
time, soil temperatures down to 30 cm soil depth typically corre-
spond to air temperatures (Mail, 1930; Villani and Wright, 1990).
Soil sampling for management of this pest should be performed in
the fall immediately following harvest of the previous crop and in
the spring a few weeks prior to planting. Given adequate timing of
fall soil sampling, as few as five and as many as 26 compact samples
per field (95% confidence) were needed to be within 25 and 10% of
the actual mean, respectively.


Current management of white grubs includes some form of
baiting or soil sampling (Youngman and Tiwari, 2004). The results
of our study showed a direct relationship between fall white grub
soil density, spring density, and subsequent stand and yield loss in
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corn. Although spring white grub densities accounted for < 39%
of the variability in subsequent yield loss, the predictive informa-
tion obtained in this study will be an immediate benefit to corn
producers in Virginia, and possibly other corn growing regions.
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